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Oswald T. Avery discovered that nuclelc aclds of the desoxyribose
t ype possess blologlic specificity and are functionally important sub-
stances capabla of orlenting the blochemical activities and determining
the heritable characters of microbial cells. This discovery was the
most important result of a series of investigations, carried out in
Avery's laboratory from 1928 to 1948, on the mechanism of experimental
transformation of pneumococcél types. That such transformation could
occur in vivo first was demonstrated by Griffith in 1928,

The culmination of the studies conducted by Avery and his coworkers
came with the announcement, in 1944, that the fundamental constituent of
the transforming agent of pneumococcus Type III is a polymerized desoxy-
ribonucleic acid. The substance is extracted from heat-killed bacterial
cells or Iln greater yleld from cells caused to undergo lysis. Sodium
citrate, which inhibits the inactivating effect of pneumncoccal desoxy-
ribonuclease, must be used in the latter procedure. After deproteiniza-
tion and the removal of both capsular and somatic polysaccharides, the
desoxyribomicleic acid is further purified by repeated precipitation with
0.2 volume of alcohol in the presence of calcium chloride, An exceedingly
minute quantity of the purified material; i.e., 0.0015 microgram per ml.,
is capable in vitro of inducing transformation of competent cells placed
under the proper cultural conditions,

Evidence that the transforming agent is a nucleic acld of the
desoxyribose type was obtained by chemical, enzymatic, serologic and
physico-chemical studlies on highly purified material., The substance is
soluble in water and gives colorless solutions which are highly viscous.

Repeated precipltation with alcohol causes no loss of biologic activity.
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Elementary analysls shows a phosphorus content of 8.5-9.0 per cent and
a nitrogen-phosphorus ratio of 1.67-1.72. Ultraviolet absorption shows

& high maximum at 2600 X and a minimum at 2350 ) Electrophoresis and
ultracentrifugation yield in each case a single, sharp boundary with

which the blologlc activity migrates. In these respects, the material
closely resembles authentic preparations of desoxyribomucleic acid of
enimal origin.

Crystalline trypsin, chymotrypsin and ribonuclease have no effect
on eithar the physical properties or the biologic activity of the sub-
stance. On the other hand, crystalline desoxyribonuclease, in the
presence of magnesium ions, causes marked loss in viscosity accompanied
by complete and irreversible inactivation of transforming activity. As
little as 0.001 mlcrogram per ml. of the enzyme is effective. Citrate
inhibits both the depolymerization of mucleic acid and the destruction
of blologlc activity by desoxyribonuclease. Reversible_inactivation of
the biblogic activity is demonstrable with ascorbic acid and traces of
cupric lon; reactivation is obtained on treatment with glutathione.
Serologic procedures with antipneumococcal sera of high potency fall to
reveal the presence of capsular or somatic polysaccharides or of pneumo-
coccal protein, each of which would easlly be demonstrated in such tests.

On hydrolysis of the purified agent, cytosine, adenine and thymine
are found 1n amounts deviating from the equimolecular proportions which
would be expected from the postulated structure of a tetranucleotide;
uracil, a characteristic constituent of ridbomuclelc aclids, is not present.
Amino acids are obtained in so small an amount that not more than 0.2

per cent of protein could be present. Recent studles have shown that
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glycine from the degradation of adenine is apparently the only amino
acld present in an hydrolysate. The possibility that a specific
protein or mucleoprotein, rather than the micleic acid itself, is
responsible for transforming activity seems, therefore, to have been
excluded decisively.

Highly purified preparations of the transforming agent obtained
from pneumococcus Type III made possible, for the first time, the
induction of a predictable and permanent alteration in an heritable
character of a living cell by means of a chemically definad substance
of known nature. In other words, a specific mutation was induced as
a result of a specific treatment. This is an achlevement which has
long eluded biologists.

The broad implications of the discovery of the nature of the
transforming agent became apparent when it was demonstrq;ed in Avery's
laboratory that desoxyribomicleic acids, separated from a mumber of
other types of pneumococcl as well as various intratype mutants,
possess predictable transforming activlty relative to a specific cell
character. Purified nucleic acids of the desoxyribose type prepared
from Type II and Type VI pneumococcl are closely similar in physical
and chemlcal properties {o that obtained from Type III and yet can be
distinguished readily from one ancther by their specificity in the
trensforming systems Confirmatory evidence relative to other microbial
specles has been obtalned in two laboratories. Boivin, et al. reported
that a transforming agent similar in action and properties to that of
pneumococcl had been isolated from E. coll. Alexander and her associates

showed that transformation of H. influenzae could be induced with
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preparations of nucleic acids of the desoxyribose type.

Recent investigations of Hotchkiss have demonstrated that desoxy-
ribomicleate factors isolated from penicillin or streptomycin resistant
pneumococci are able to transform competent pneumococcl and confer upon
them corresponding drug resistance. Altogether, some sixteen trans-
forming factors have been described for pneumococci; these comprise at
least five series with different kinds of activities.

As a result of the gtudies of Avery and his assoclates, 1t is now
apparent that certaln polymerized desoxyribvonuclelc aclds are concerned
with the heredity of microbial cells in much the same fashion that genes
are concerned with the heredity of higher organisms., It appears appro-
priate to think of the transforming agent of pneumococcus much as the
geneticist thinks of the gene; as a self-duplicating agent which
initiates a serles of reactions resulting In the elaboration of a
speclific substance. In the case most thoroughly studied, the final
product is the capsular polysaccharide of pneumococcus. It seems highly
significant that a means has been developed for the isolation of material
possesalng the fundamental properties of a genetic determinant, in the
form of a purified, stable miucleic acid suitadle for bilologic and chem-
ical 1nvestigatlion.

The impact of these findings upon prevaliling concepts in related
flelds 1s not difficult to trace. Inveastigators in cytology, genetics
and virology, aware that desoxyribonucleic acld is a prominent consti-
tuent of muclei, chromosomas and viruses, were faced with the proposi-
tion that this constituent is the one functionally operative in trans-

mitting the manifold blologic capacities and potentiallties of the germ
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plasm. This, in turn, indicated to blochemists that muicleic acids
are capable of inmumerable variatlons in composition and structure.
Both of these concepts have received considerable support and it
has become increasingly evident that they play an important part in
orienting investigations in the several fields concerned with

cellular devalopment and differentiation.

This summary of Dr. Avery's work on transformation
was prepared by Dr. Frank L. Horsfall, Dr. Rollin
D. Hotchkiss, and Dr. Renéd J. Dubos.
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